Abstract. An emerging approach for business process analysis is to use business intelligence practices by employing data warehouse and decisionmaking techniques. However, little work has been done on developing core methods and tools to guide process analysis and improvement. Our research addresses this issue by introducing a goal-driven approach for business process improvement using process warehouse. In this paper, we present our three step method and its evaluation through an empirical study. The results showed that the impact of applying our method for process improvement has been perceived positively.
Introduction
Analysis and improvement of business processes, a core phase of business process management (BPM) lifecycle, has been receiving increasing attention among many enterprises. Facilitating sustainable process improvement requires an understanding of processes as well as approaches for continuously analyzing and improving them.
An emerging approach for business process analysis utilizes business intelligence practices, which attempts to boost the analytical capabilities of BPM systems by employing process-oriented data warehouse [1, 2] , called process warehouse (PW) [3] . PW captures the data about executed business processes, such as actors, activities performed by actors, resources used, execution time and thereby can be used as an adequate basis for analysis and optimization of those processes [2, 3, 4] .
Due to a typically large size of PW and lack of approaches for their efficient use, users commonly retrieve irrelevant data, miss vital information, and as a consequence, fail in the process analysis task [5] . Muehlen et al. [6] has argued that if the cognitive effort to extract and interpret the information from a process warehouse is high, the extracted information may be ignored and thus it doesn't bring any value for decision makers. It is because, users are accustomed to the business perspective in process analysis [7] and thereby far from capabilities to directly utilize the data contained in warehouses for process analysis and improvement. Therefore, the question arises, how can process warehouse be used for analysis and improvement of business processes? An additional problem is that despite the PW concept exists for some years, only a limited number of implementations are reported (e.g. HP's business process cockpit [8] ). A possible reason for this is the lack of methods that can guide business process improvement using process warehouse [5, 9] .
In order to address the outlined problems, a starting point may be the consideration of the needs for business process analysts and decision makers. They are accustomed to the business perspective in the process analysis [10] and earlier studies [7, 11] contend they prefer to analyze business performance in accordance to goals. Therefore, our approach to address the discussed issues is based on a business orientation in the design and utilization of warehouse. In this study we introduce a three step method to identify goals, integrating them with PW and further using these goals to navigate the warehouse for process analysis and improvements. We further investigate the usability and impact of the method from users' perspective. For that, we have conducted an empirical study based on the evaluation model proposed by Hong et al. [12] . The key benefits that the method offers are: to support goal-based navigation of PW, to retrieve data relevant to the goals and to enhance the ways users analyze and improve business processes.
The rest of the paper is organized as follows: Section 2 briefly reports on work related to ours. In Section 3 the proposed method for process analysis and improvement is introduced. Section 4 presents the evaluation of the proposed approach. Section 7 summarizes the contribution of this study and elicits the directions of future work.
Related Work
Studies on business process analysis have focused on the utilization of processoriented warehouses by proposing basic toolsets like Business Process Cockpit [8] and architectures like Business Process Intelligence System architecture [13] , which allow users to monitor and analyze processes-related data. Other studies on process warehouses have focused on proposing adequate multidimensional data models for this kind of warehouse, such as generic [4] , or domain specific (e.g. healthcare, chemical engineering). An analysis of such PW design proposals concluded incompleteness of the presented data models [14] . Also, a recent study [15] contend that these systems don't provide the means for process improvement, therefore improvement can be done solely based on human knowledge and experience.
Business orientation of warehouse: During the last decade a number of efforts have been reported on the business orientation in the data warehouse. At first, Sarda et al. [16] discussed the use of business metadata in data warehouse systems. Following that, Stefanov et. al. [7] extended Sarda's work and introduced an integrated view on data warehouse and enterprise models using "model weaving links". The model weaving approach was also used to make the relationship between data warehouse and enterprise goals visible and accessible [11] through an analysis tool to support and improve data interpretation. However, in these studies, the content scope is restricted to data-orientated information systems and methods that can guide process analysis and improvement are not discussed.
Methods for process improvement:
Recent studies [9, 17, 18] have advocated the need for building methods and frameworks that can guide analysis and improvement of processes. These approaches uses process execution logs or process warehouses as a data source. However, either these approaches have a limited scope (e.g. [18] 's scope is limited to agent assignment), or they do not facilitate extraction and interpretation of the information needed for process analysis and improvement.
This study combines the ideas of the aforementioned related work aiming at making use of process warehouse for goal-driven business process analysis. We propose a well-structured method that differs from existing ones in the way that it integrates goals with process warehouse, while providing the goal structure for utilizing the warehouse to retrieve data for analysis of process performance.
Goal-Driven Process Improvement: The Method
In this section we introduce our goal-driven process improvement method. The purpose of the method is to facilitate PW designer in integrating goals with PW and process manager to diagnose process related weakness and make changes to the process for possible improvements. The method consists of three steps: build a goal structure (section 3.1), integrate goals into a PW (section 3.2), analyze and improve business process (section 3.3).
Step 1: Build Goal Structure
Our method utilizes the process design framework [19] and the goal decomposition tree (GDT) proposed by [20] in agent programming. The process design framework is used as a reference to ensure that all essential process concepts are addressed and comprehensively represented, as exemplified in [21] . Whereas, GDT is a mechanism that captures both the declarative and procedural aspects of goals, which offers the ability to reason about goals. GDT provides traceability between goals (both top-down and bottom up) using logical inferences through a set of decomposition operators, allowing claims on a goal's achievement based on its sub-goals' achievement. Considering [20] we shift from goal-agent to goal-process coupling. Within the scope of this paper a goal is a state of a process in terms of the quality of a service property that is intended to be achieved (e.g. quality of service: timely, goal: treatment is timely). Figure 1 depicts the workflow of the tasks, followed by their description: The first task is to recursively analyze a process from its functional perspective and break it down to atomic actions; where no further process sub-elements can be identified. A Process P is disaggregated from its functional perspective, P= P 1^ P 2^…^Pn , where P 1 , P 2 ,…,P n are sub-process elements of P. For the subsequent subprocess P 1 = A 11^A12^…^A1n , where A 11 … A 1n are activities of P 1 . Apart from AND decompositions, more operators can be used (e.g. OR, SeqAND, SeqOR etc. [20] ).
The second task is to define goals for the process by identifying the quality of service properties needed to be considered for process analysis. Based on the functional decomposition of a process, each goal is expanded into sub-goals, where achievement of the goal relies conventionally on the disaggregated achievement of sub-goals. Let G be the elicited goal of process P. The Goal (P, G) is expanded by disaggregation of the process (P1,G1)^(P2,G2)^…^(Pn,Gn).
The third task is to identify criteria for the achievement of goals. It is a bottom-up task in which indicators are set through a cognitive process for each goal by employing the process design framework with four perspectives (functional F, behavioral B, organizational O and informational O). Recall, process design framework covers basic building blocks and ensures a comprehensive representation of process concepts. Therefore, by employing the perspectives we aim for a comprehensive criteria for each goal. For the achievement of goal G defined on process P, indicators I1, I2, I3, I4 are set, relevant to each perspective; (F,I1), (B,I2), (O,I3), (I,I4).
The fourth task is to specify satisfaction conditions (S) for each indicator, where satisfaction conditions of all indicators of a goal form the satisfaction condition of the goal. A satisfaction condition is the desired instance of an indicator that demonstrates goal achievement as defined by stakeholders. Satisfaction condition is a coupling of context and desired value, represented by S (C, V). Desired value is the value aimed at being achieved, while context represents the conditions for which the value is valid. For indicators I1, I2, I3, I4 satisfaction conditions S1, S2, S3, S4 are defined respectively. When each satisfaction condition is satisfied, (I1╞ S1) ^ (I2╞ S2) ^ (I3╞ S3) ^ (I4╞ S4) then all satisfaction conditions are logically true, therefore, goal G is considered to be achieved.
Step 2: Integrating Goals with Process Warehouse
In this step, goals are integrated with a PW to later facilitate the acquisition of goal related information. We propose changes in a PW description at two levels, Schema and Data level.
Schema level:
It defines the tables and segments of a table (in terms of attributes) relevant to a goal. This level captures information about the tables (dimension, fact) and attributes that are related with goals, through indicators. Our approach to capture schema level relationships is based on adding a stable structure of tables which captures information about goals, indicators, satisfaction conditions and their relationships with dimension, fact tables. Figure 2 shows the data model for stable structure of tables, which is hardcoded in our prototype (see details in Section 3.3).
Fig. 2. Data model for stable part of PW
Data level: It defines the instances (in terms of records) of tables (dimension and fact) related to a goal. Our approach to relating records with goals is based on adding bitmaps to the dimension and fact tables that are defined relevant to the goal on the schema level i.e. we negate the addition of bitmaps to each table for each goal to avoid unnecessary increase in size of PW. The bitmap attribute can possess one value, either 1 or 0 representing relevance and non-relevance of a record, respectively. However, the relationship is defined on two levels, Schema and Data, so the bitmap value (1 or 0) does not represent the relevance or irrelevance of the complete record. Instead value 1 of a goal's bitmap represents the relevance of the record to the segment of the table defined at schema level.
Step 3: Analyze & Improve Business Process
The final step of our method is focused on utilizing PW for process analysis and improvement by identifying weaknesses that hinder goal satisfaction. This step consists of the following tasks: condition identification, goal identification, information analysis, decision elicitation and process change solution. Figure 3 depicts the workflow of the tasks followed by a brief description of each task, due to space limitations.
Fig. 3. Workflow for Step 3: Analyze and Improve Business Process
The first task, condition identification, triggers business process analysis. The reason could be either the occurrence of a process-related event or a predefined temporal state being reached. Consider a simple example, 'registration resource purchases go over budget' as a triggering event for process analysis.
The second task is to select a goal, or a set of goals from the goal structure built in Step 1 and examine their satisfaction against the real process data, stored in the warehouse. Based on the triggering condition, a goal structure is chosen. If the problem concerns only a certain set of sub-processes, or activities, i.e. not the whole process then goal analysis starts from a corresponding node in the goal tree. In case of only a single sub-goal in the tree being considered, all satisfaction conditions for all goal indicators must be satisfied for the (sub)goal to be considered satisfied. In case of more sub-goals being considered, conclusion on their satisfaction depends on the operators used (see Section 3.1. -AND, OR, SeqAND, etc.). In the example, wastage of resource is the main concern on registration sub-process. The chosen goal therefore becomes 'efficient registration', where 'efficiency' is the quality of service property related to wastage of resources.
The third task, information analysis, concerns the analysis of information retrieved from the warehouse. Analyzing the information to reach appropriate conclusions relies on comparing the satisfaction condition with the values (facts) acquired from the processes. If a goal is achieved, further analysis is not required. However, if a goal is not achieved due to values of facts not being equal to satisfaction condition, for each goal in the goal sub-structure the above tasks are repeated until leaf goals are reached. For the chosen goal in the example, the defined tasks need to be repeated for each activity, until the activity where resources are overused is identified.
The fourth task is to elicit the decisions whose realization will result in goal achievement. Input to this manual phase are both goals and the conclusions, while output is a decision taken based on one of the process perspectives. For the example, the decision becomes: reduce the usage of registration equipment in the registration activity, based on informational perspective. It is a cognitive task therefore there is a possibility that more than one decision are reached as a result of this task.
The fifth task is to facilitate the propagation of the obtained decision(s) to the analyzed process a pattern-based approach is used. As shown in the previous section, a decision concerns a change in the process, based on one or more of the process perspectives. As such, a decision gives a rise to a set of atomic process improvement patterns collected and outlined in Table 1 . If during process analysis several alternative goals are considered, or several alternative decisions are elicited, it is of benefit to have a mechanism to evaluate the consequences of different process change patterns. One possibility is to evaluate patterns along the four common process impact factors: time, cost, quality, and flexibility identified by Mansar et al. [22] . For an illustration, consider that the goal 'register patient is efficient' is not satisfied due to an overuse of nurses in the patient registration. Before choosing a process improvement pattern, from a set of alternative patterns, it is important to assess the patterns' effect on the process. In Table 2 we have considered two pattern examples: the first, "remove responsibility", and the second, "substitute responsibility type". If a number of nurses are removed from the register patient activity, the time for the registration will increase and since the nurses can be used at some other place the cost of the process will decrease. However, the quality and flexibility will not be affected. To exemplify how different patterns may have different effects, we consider that another option is to substitute the nurses with registrars, who are trained for registration. Now, the activity time will decrease and the quality will increase, because registrars are more skilled than nurses for performing the activity and the activity cost will decrease due to a lower cost of the registrars compared to nurses. To increase the usability of the proposed method, we have developed a prototype, as an instrument to facilitate the addition of goals, integration of goals with PW and goal analysis through a use interface for each task. Due to space limitation a screenshot of implemented prototype is shown in figure 4 .
Following the choice of a goal for process analysis, both the corresponding satisfaction condition and the values are extracted from the warehouse. The major benefit of the tool is that it enables users to select goals from the tree (left pane in Figure 4 ), and set their desired satisfaction conditions for automatic retrieval of data from executed process instances. A user can choose to analyze a specific instance of a process or a set of instances for analysis by using the option given in the left pane.
Method Evaluation
In this section we briefly describe the empirical study we have conducted to investigate the impact of our proposed method on process analysis. We have adapted the evaluation model developed by Hong, et al. [12] , which is based on the Technology Acceptance Model [23] , the IS Success Model [24] and factors affecting data warehousing success. For this study, we have considered six out of the eight constructs of Hong et al. model (data quality, accessibility, training, perceived usefulness, perceived ease of use and perceived impact) 1 as well as all items related to the aforementioned constructs.
Research Instrument and Data Collection
For the empirical study, a PW was implemented for a healthcare process using a proprietary database management system and sample data of 100 patients were used. Based on the goals defined by Swedish Healthcare Institute [25] , five goal structures were built, which were then added and linked to the warehouse using the prototype.
Based on an earlier study [26] where one of the authors had participated together with healthcare practitioners in Stockholm, Sweden, we identified eight processrelated problems that trigger the need for process analysis.
Twenty university employees volunteered to participate in the study. A study mentor explained our approach in detail and demonstrated a few examples, followed by a question and answer session to address any individual concern. Participants were then asked to analyze the process for the given problems by using the approach described in section 3.3. Upon completion, participants were asked to fill a post task survey. The survey questionnaire was also adopted from Hong et al. [12] and consisted of 23 construct items (or simply items) as well as an answering scale: strongly disagree (1), simple disagree (2), weak disagree (3), not sure (4), weak agree (5), simple Agree (6) and strongly agree (7).
Data Analysis and Discussion
The data collected from the empirical study are analyzed to evaluate the use and perceived impact of our method. For analyzing the responses, frequency distribution analysis has been used in order to identify the distribution of responses on a scale of agree, not sure and disagree; where 'agree' encapsulates all those answered strongly agree, simple agree or weak agree and 'disagree' encapsulates all those answered strongly disagree, simple disagree or weak disagree. Figure 5 , shows that our method has overall received positive responses by a large number of participants, which indicates that they perceived our method positively. However, a significant percentage (70% and 65%) of participants disagrees with two construct items Q2 and A4. The disagreement with first item indicates that our method does not retrieve irrelevant information i.e. it retrieves relevant information, whereas with second item indicates that the task of retrieving the information is not effortless. To evaluate whether the participants' background knowledge influences their perception of the method or not, we have classified participants into two groups; experienced and novice users. Users having passed a course on data warehousing and having participated in a data warehousing project belong to the experienced group while users without any background knowledge of data warehousing belong to the novice group. Information about participants' background knowledge was collected during the study. Our sample includes 8 experienced and 12 novice users. Figure 7 shows the difference between experienced and novice users who agree on the construct items. According to the figure, experienced users agreed with the construct items in a larger percentage than novice ones, indicating that that these construct items were better perceived by experienced users than novice users. 
Conclusion
In this paper, we have proposed a three step method for goal-driven analysis of business process models aiming at eliciting possible improvement directions. In the first step a goal structure is defined for the process of interest. In the second step goals are integrated with process warehouse and in the third step goal structures are used for process analysis and improvement. To evaluate users' perceptions of our method's impact on process analysis, we have conducted an empirical study based upon an existing evaluation model.
Based on the results of the study we can conclude, a) the perceived impact of our method is positive; b) the construct items are better perceived by experienced users than novice users, c) experienced users perceived data quality, training and perceived ease of use more than accessibility, perceived usefulness and perceived impact.
Regarding future work, we are aiming for a refinement and further evaluation of the method. In addition, we intend to consider the augmentation of the automation for the proposed method steps.
